ABSTRACT. -The avian community of a mature residential area was studied and compared with an undisturbed climax beech-maple forest. Urbanization was presumed to be responsible for decreasing species richness and diversity, increasing biomass and density, and favoring dominance by a few species. Foraging guilds shifted from forest insectivores that were canopy foliage gleaners or bark drillers to urban ground gleaners. Analyses of habitat structure showed that although urban foliage height diversity was like that of the forest, the urban area contained only one-third of the total percent vegetative cover. As compared to the forest, urban vegetative cover was: (1) significantly less in all but the middle layer; (2) replaced by man-made structures, ground cover and ornamental vegetation in the low and middle layers but dominated the high layer; and (3) highly discontinuous, existing as isolated strata. Differences in avian community organization between the forest and urban area are discussed in relation to urban habitat manipulation and population-suppressing factors.
Bird communities of residential and urban areas contain higher bird densities than outlying natural areas (Graber and Graber 1963, Emlen 1974) , with only forest edge communities supporting greater densities in temperate zones. In addition to the factors controlling natural communities (Lancaster and Rees 1979) the diversity of birds in urban areas is affected by the age of the neighborhood (Lucid 1974) type of housing (Geis 1974) , and degree of urbanization (Batten 1972) .
Few studies have compared the avifauna of cities with that of outlying natural areas and have measured habitat structure in both communities. The difficulties arise in selecting comparable study areas and quantifying the synthetic urban habitat in relation to natural parameters. In this study, we determined how urbanization affected avian community organization by comparing the ecological characteristics of the birds of a mature residential area with those of the regional vegetative climax, an outlying forest.
STUDY AREAS
For the forest samples, we chose two 6.1 -ha control sites in Hueston Woods State Park, Preble County, 7 km north of Oxford, Butler County, Ohio. They comprised a relatively uniform mature beech-maple forest (a remnant of the original forest cover of southwestern Ohio) and have been described vegetatively as being in a state of dynamic equilibrium (Vankat et al. 1975 (Beissinger 1977) .
Oxford, Ohio is a college town of 30,000 residents. In 18 10 the tall trees covering the site were first cut in order to build cabins; however, early town planners left many large trees standing (McGinnis 193080). Two 6.1 -ha study sites were established in April 1976 within Oxford' s oldest residential area. They represent mature residential communities: most homes are over 50 years old; the area is highly vegetated including many old trees, and the neighborhood is stable with few habitat changes having occurred within the past 25 years. The streets are lined with tall shade trees (mostly maples, Acer spp. seedeater, greater than 65% of the diet is plant material; (2) insectivore, greater than 65% of the diet is insect material; and (3) omnivore, less than 65% of the diet is plant or insect material.
Foraging stratum and foraging behavior were determined from observation and supplemented with data from Willson (1974) Statistical analyses of community characteristics were conducted with a Student' s t-test (Remington and Schork 1970). A Mann-Whitney U-test (Conover 197 1) was used when assumptions of normality were violated. Significance levels were designated as significant (P < 0.05) and marginally significant (0.05 < P < 0.10). However, the presence or absence of statistical significance at times must be interpreted cautiously in view of the small sample sizes involved: two replicates of each community type.
RESULTS AND DISCUSSION

HABITAT STRUCTURE
From the analysis of foliage profiles (Fig. l) Field observations disclosed that vegetation Percent occurrence of the major physiogin residential areas occurred in small patches. nomic features of urban Oxford and Hueston These patches were in the form of trees, shrubs Woods were compared. Forest litter (44%) was or herbaceous plants, each of which appeared the dominant ground cover in Hueston Woods as a vertically isolated stratum lacking other while dense grass lawns (20%) followed by cevegetation above or below. To compare the ment or paved roads (15%) and buildings vertical isolation of vegetative layers between (13%) dominated Oxford. Herbaceous plants communities, a measure of vertical continuity and broad-leafed trees and shrubs were more was calculated (Table 2) . Urban Oxford av-important features in Hueston Woods than eraged 1.5 times less vegetation appearing in Oxford in the low (28% vs. 3%) and middle two or more layers and 2.6 times less in all (17% vs. 7%) strata. Broad-leafed trees domthree layers as compared to Hueston Woods. inated the high (65%) and middle (15%) layers These differences were significant for the cat-of Hueston Woods. In Oxford, broad-leafed egories of two or more (t = 6.4, P < 0.012) foliage dominated the high layer (17%) but and all three layers (t = 2.9, P < 0.05), indi-buildings were the most important feature in cating that habitat structure in Oxford lacked the middle layer (12%). Ornamental shrubs vertical continuity and consisted primarily of and trees outnumbered native shrubs and trees isolated strata. This may be the result of large 6: 1 in the low layer of Oxford but represented openings in Oxford' s canopy and isolated less than half the vegetative cover of the midplantings of landscape shrubs. Horizontal hab-dle layer and were practically non-existent in itat heterogeneity (Roth 1976) was not quan-the high layer. Telephone lines and cars reptified; however, the horizontal patchiness of resented less than 1% of the cover in Oxford. vegetation in our urban areas was readily vis-In summary, man-maintained ground cover, ible compared to the beech-maple forest.
vegetation, and structures dominated the low Table 3 . Instantaneous transect counts consistently detected more individuals than direct counts; this difference was significant or marginally significant in 6 of 12 cases. Thus, the average value of two instantaneous transect counts was chosen as a population estimate for non-territorial species in Oxford. Emlen (1974) also found that direct counts by a single observer tended to underestimate population densities in urban areas. Population estimates for each species in both study areas are appended.
We chose to use different census methods for the town and the forest in order to obtain the most accurate assessment of the avian populations possible. This resulted in difficulties comparing census counts between communities. For instance, some young birds could have been included in the urban instantaneous transect counts whereas counts in the forest were confined mostly to spot mapping of adults (mostly males). As the above results of census counts indicate, no single technique alone is adequate and the use of different census methods (hence, lack of strict comparability) may be an inevitable cost of obtaining accurate bird population measurements in both urban and natural study areas. Despite census data that are not completely comparable, our counts do serve as a strong basis for the following discussion of the general characteristics of these two avian communities.
Oxford supported an average of nearly 1,500 individuals per 40 ha (Table 4) (Geis 1974 ). However, the densities of seven species were lower in the town than the forest: urban densities of the Common Flicker, Downy Woodpecker, and Carolina Wren were slightly lower (0.5-0.6 times less) while urban densities of the Eastern Wood Pewee, Carolina Chickadee, Tufted Titmouse, and White-breasted Nuthatch were much lower (3-8 times). Six of these seven species were insectivorous canopy feeders, generally associated with forests.
FORAGING GUILDS
Urban study sites supported densities of omnivores and seed-eaters that were 6.2 and 175.4 times greater than the forest (Fig. 2) . Omnivores dominated urban Oxford, composing 59% of the total biomass. Seed-eaters accounted for nearly one-third of the biomass in Oxford but only a few vagrant House Sparrows were found in Hueston Woods. Insectivore species slightly outnumbered omnivores in urban Oxford but composed only 7% of the total biomass, a 6.2-fold decrease in biomass and a 2.6-fold decrease in species as compared with Hueston Woods.
The urban community supported nine fewer species than the forest (Appendix). This 28% decline in species richness was significant (Table 4) and similar to a 33% decrease reported for a desert-urban comparison (Emlen 1974 (Table 4) .
Evenness of species was higher in Oxford than other urban areas (Emlen 1974, Lancaster and Rees 1979) but significantly less than Hueston
Birds in the town foraged primarily on the ground and secondarily in the canopy while those in the forest foraged in the canopy with secondary utilization of the ground (Fig. 2) . Despite the secondary usage of high vegetation by urban birds, 12 of 16 canopy and 2 of 4 middle feeding forest species were not found in Oxford as bird biomass was 6.7 times less for high and 49 times less for middle feeders than in the forest. Although ground feeders dominated Oxford, comprising 93% of the total biomass, four of five non-edge forest species (Wood Thrush, Louisiana Waterthrush, Kentucky Warbler and Rufous-sided Towhee), which usually feed and nest near the ground, were absent from the urban area.
In terms of foraging manner, Oxford was dominated by ground gleaners, which composed half of the species and 93% of the total biomass (Fig. 2) . Foliage gleaners (perched and hover) accounted for nearly a quarter of the urban species but less than 1% of the total biomass. Feeding behaviors were more evenly exploited in Hueston Woods by foliage gleaners, bark drillers and ground gleaners. Urban biomass was greater for ground gleaners (12.4 times) and aerial sweepers (5.3 times) but less The patch repeated most often in Oxford was dense grass lawns. Suburban lawns have higher net productivity and food utilization by birds than other grassland habitats, and act as areas of concentrated food supply capable of supporting high densities of birds (Falk 1976 ). Flock-feeding species that forage on dense lawns are assured of repeatedly finding suitable foraging patches and food items. Because of the increased visibility afforded by lawns, the probability of detecting and escaping predators increases. In addition, ground birds use less energy walking than flying birds in other strata (Kendeigh 1972) adding to the relative advantage of being a ground-foraging urban bird. Thus, it is not surprising that ground-gleaning species dominate urban bird communities such as Oxford.
It is difficult to measure the effects of human disturbances such as motor vehicle traffic, domestic predators, pedestrians, and noise upon the avifauna of towns. In the regulation of urban bird community structure, human distur-bances may multiply and influence the effects of other population-suppressing factors. Emlen (1974) suggested that suppressive factors may have eliminated two ground-dwelling species from his urban study area. Four ground-dwelling forest species from Hueston Woods were replaced in Oxford by seven other ground-foraging species that were able to adapt to human disturbances, find suitable cover, and nest above the ground.
Suppressive factors probably discourage some species from reinvading urban habitats. Successful synanthropic species may be those that are least affected by suppressive factors. Sixteen of 17 synanthropic species in Oxford were arboreal nesters; those that occurred in highest densities (e.g., Common Grackle, Cardinal, American Robin) fed on the ground using lawns, whereas those that fed on plant surfaces (e.g., Eastern Wood Pewee, Carolina Chickadee) were able to colonize only in small numbers.
CONCLUSIONS
The synergism of habitat structure and population-suppressing factors in urban areas creates prime habitat for only a few bird species. These species dominate urban communities and often are considered undesirable or pests. Manipulating urban habitats so that these species are less favored may be possible. The use of certain construction modes can decrease House Sparrow and Starling dominance in towns (Geis 1974) . Our study suggests that vegetative cover in urban areas should be increased, not by isolated plantings of landscape shrubs, but by recreating or preserving natural islands of complete habitat profiles consisting of vegetative cover in each layer. Thomas et al. (1977) have determined speciesspecific habitat profiles but no estimates of threshold sizes for habitat islands are known. Human disturbance and predation from domestic animals may be mitigated by a series of interconnected islands. Increasing vegetative cover in urban areas may increase the number of bird species, support larger populations of insectivores, and perhaps create suitable habitat for some ground nesters.
